Introduction {#sec1-1}
============

Neurodegenerative disorders are a diverse group of diseases of the nervous system. Disorders such as Alzheimer's and Parkinson's disease account for a significant and increasing amount of morbidity and mortality in the developed world. Neurodegenerative dementias and movement disorders are becoming more common mainly as a result of increased life expectancy and changing population demographics.\[[@ref1]\] Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized by neuronal degeneration and cognitive deterioration, especially in the elderly.\[[@ref2][@ref3]\] Parkinson's disease (PD) is the most common neurodegenerative movement disorder with classical clinical manifestations of tremors, akinesia, muscle rigidity, and postural instability. There is a growing body of evidence that nigral neurons may be damaged by free radicals in this disorder. Free radicals are thought to be produced locally within the basal ganglia and lead to progressive damage and death of substantia nigra neurons in susceptible individuals.\[[@ref4][@ref5]\] Oxidative stress has been implicated in the pathogenesis of AD and PD by the finding of several characteristics, such as enhanced lipid peroxidation in specific areas of the brain in postmortem studies.\[[@ref2][@ref3]\]

Plant extracts and their constituents act as a natural source of antioxidants. The antioxidant activity of several plant extracts is due to several secondary metabolites especially phenolic compounds such as flavonoids, alkaloids and tannins. The potent antioxidant activity of flavonoids may be the most important function of flavonoids responsible for their actions in the body.\[[@ref6]\] There are several studies suggesting neuroprotective effect of flavonoids.\[[@ref7][@ref8][@ref9]\]

*Passiflora incarnata* Linn. (Passifloraceae) commonly known as passion flower has been used for the treatment of anxiety, insomnia, epilepsy, muscular spasms, and many other allied diseases.\[[@ref10]\] The Passion flowers contain flavonoids (0.25%) such as quercetin, vitexin, isovitexin and phenolic compounds, Indole alkaloids (0.1%) such as harman, harmin, harmalin, harmol, harmalol and also cyanogenic glycosides.\[[@ref11]\] Harmine and harmaline alkaloids are reported to be effective anti-parkinsonism compounds.\[[@ref12]\] Hence the present study was designed to investigate antioxidant, antiparkinsonian and memory enhancing activity of flavonoid rich n-butanol extract of *P. incarnata* flowers. Antioxidant activity was assessed using DPPH and hydrogen peroxide scavenging assay. The antiparkinsonian activity was evaluated using haloperidol induced catalepsy and tacrine induced vacuous chewing movement and memory enhancing activity was assessed using elevated plus maze and object recognition test.

Materials and Methods {#sec1-2}
=====================

Plant material {#sec2-1}
--------------

The fresh flowers of *P. incarnata* were collected in the months of June, July, and August from a nursery in Pune, Maharashtra, India. The plant was identified and authenticated by Dr. Dinesh Shirodkar, Botanical Survey of India (BSI), Pune. A voucher specimen was deposited in BSI (Voucher Specimen No: PASSIN 3).

Preparation of extracts {#sec2-2}
-----------------------

Shade dried flowers (1000 g) were powdered and macerated with ethanol for 48 hours. The extract was concentrated under vacuum and evaporated to dryness. The extract was suspended in water and extracted successively with hexane, chloroform, ethyl acetate and *n*-butanol. *n*-butanol extract of *P. incarnata* flower (BEPIF) was used for further study.

Drugs and chemicals {#sec2-3}
-------------------

Piracetam was obtained from Alkums Drugs and Pharmaceutical Ltd, Haridwar. Chrysin was obtained from Sigma-Aldrich (St. Louis, MO, USA). Levodopa was obtained from Alembic Ltd, Vadodara. Ethanol, hexane, chloroform, ethyl acetate and n-butanol used in this study were procured from S.D. Fine Chem. Limited, Mumbai, Maharashtra, India.

Animals {#sec2-4}
-------

Swiss albino mice (25 -- 30 g) and Sprague Dawley rats (120-150 g) of either sex were used. Animals were housed under standard conditions of temperature (24 ± 2°C) and relative humidity (30-70%) with a 12:12 hr light: dark cycle. The animals were fed with standard pellet diet and water *ad libitum*. The Institutional Animal Ethical Committee approved the protocols.

Qualitative phytochemical analysis {#sec2-5}
----------------------------------

The screening for presence of phytoconstituents was carried out as per standard procedure described.\[[@ref13]\]

Quantitative phytochemical estimation {#sec2-6}
-------------------------------------

### Total phenolic content determination {#sec3-1}

The total phenolic content of BEPIF was determined by using the Folin--Ciocalteu assay.\[[@ref14]\] Total phenolic content of BEPIF was expressed as mg Gallic Acid Equivalents. (GAE)/100 g dry weight. All samples were analyzed in triplicate.

### Total flavonoid assay {#sec3-2}

Total flavonoid content was measured by the aluminum chloride colorimetric assay.\[[@ref14]\] The total flavonoid content of BEPIF was expressed as mg Chrysin Equivalents (CE)/100 g dry weight. Samples were analyzed in triplicate.

### Total alkaloid determination {#sec3-3}

Total alkaloid content was measured by Bromocresol Green colorimetric assay.\[[@ref15]\] The total alkaloid content was expressed as mg Atropine Equivalent/100 gm of dry weight. All samples were analyzed in triplicate.

Assessment of nootropic activity {#sec2-7}
--------------------------------

### Elevated plus maze test {#sec3-4}

An elevated plus maze consisting of two open arms (36 × 6 cm) and two enclosed arms (35 × 6 × 15 cm) was used. The maze was elevated at a height of 45 cm. Mice were placed individually at the end of the open arm and the time taken by the animal to enter into either of the enclosed arms (transfer latency, TL) was recorded. On the first day, the mice were allowed to explore the plus maze for 5 min and sent back to home cage after the first trial. After 24 hours, mice were placed again in the elevated plus maze individually as before and the TL was noted again. TL measured on first day served as a parameter for acquisition. TL was expressed as retention scores after 24 hours or one week for each mouse by calculating the 'inflexion ratio' (IR).

Inflexion ratio = (L1 -- L0)/L0

Where L0 = transfer latency after 24 hours on day 2/after a week on day 9 in seconds.

L1 = transfer latency on day 1 in seconds.

The mice were treated with vehicle, BEPIF (150 and 300 mg/kg, i.p.) and Piracetam (100 mg/kg, i.p.) 30 minutes before first trial. Each group consisted of 6 animals.\[[@ref16]\]

### Object recognition test {#sec3-5}

The apparatus consisted of plywood (70 × 60 × 30 cm) with a grid floor that could be easily cleaned with hydrogen peroxide after each trial. The apparatus was illuminated by a 40 W lamp suspended 50 cm above the box. The objects to be discriminated were also made of plywood in two different shapes of 8 cm height colored black.

The day before test, mice were allowed to explore the box (without any object) for two min. On the day of the test in the first trial (T1) two identical objects were placed in two opposite corners of the box and the amount of time taken by each mouse to complete 20 sec of object exploration was recorded. Exploration was considered directing the nose at a distance \<2 cm to the object and/or touching it with the nose. During the second trial (T2, 90 min after T1) one of the objects presented in trial T1 was replaced by new object and the mice were left in the box for 5 min. The time spent in exploration of familiar (F) and the new object (N) were recorded separately and discrimination index (D) was calculated (N-F/N+F). Care was taken to avoid place preferences and olfactory stimuli by randomly changing the role (familiar or new object) and the position of the two objects during T2 and cleaning the apparatus with hydrogen peroxide.

The mice were treated with vehicle, BEPIF (150 and 300 mg/kg, i.p.) and Piracetam (100 mg/kg, i.p.) 30 minutes before the first trial. The second trial was performed 90 min after the first trial. Each group consisted of 6 animals.\[[@ref17]\]

Assessment of anti-parkinsonian activity {#sec2-8}
----------------------------------------

### Haloperidol induced catalepsy {#sec3-6}

Adult Swiss albino mice (25-30 g) were divided into four groups of six each. Mice were pretreated with vehicle, BEPIF (150 and 300 mg/kg, i.p.), and L-DOPA (30 mg/kg, i.p.) 30 min before haloperidol (1 mg/kg, i.p.). The duration of catalepsy was measured at 0, 30, 60, 90, 120, and 150 min after haloperidol administration using bar test. Both the forepaws of the animals were placed on a wooden bar elevated 3 cm above the ground. The cutoff time (time for which animal was placed on elevated bar) was 300 seconds.\[[@ref18][@ref19]\]

### Tacrine induced jaw movements {#sec3-7}

Rats were divided into four groups and treated with vehicle, BEPIF (150 and 300 mg/kg, i.p.) and L-DOPA. After 20 min, tacrine (2.5 mg/kg i.p.) was administered and the number of tremulous jaw movements and orofacial bursts were measured for 60 min as described by Kasture *et al*.\[[@ref20]\]

Antioxidant activity {#sec2-9}
--------------------

### 1, 1-diphenyl-2-picrylhydrazyl assay {#sec3-8}

The free radical scavenging activity of the extract was measured in terms of hydrogen donating or radical scavenging ability using the stable free radical DPPH. 0.1 mM solution of DPPH in methanol was prepared and 1 ml of this solution was added to 3 ml of extract solution in water at various concentrations (2 -- 1000 μg/ml). The mixture was incubated for 45 min at room temperature and the absorbance was measured at 517 nm against the corresponding blank solution. Ascorbic acid was used as reference standard. Percentage inhibition of DPPH free radical was calculated using the following equation:

DPPH Scavenged (%) = \[(Ac - At)/Ac\] ×100

Where Ac is the absorbance of the control, and At is the absorbance of the extract or reference standard. The antioxidant activity was expressed as IC~50~. The IC~50~ value was defined as the concentration in μg/ml of the extract that inhibits the formation of DPPH radicals by 50%.\[[@ref21]\]

### H~2~O~2~ scavenging activity {#sec3-9}

A solution of H~2~O~2~ (40 mM) was prepared in phosphate buffer (pH 7.4). 3.4 ml (16 -- 1000 μg/ml) extract in phosphate buffer were added to H~2~O~2~ (0.6 ml, 40 mM). Absorbance was determined at 230 nm after 10 min against a blank solution containing phosphate buffer without hydrogen peroxide. The percentage of H~2~O~2~ scavenging of extract and ascorbic acid (standard compound) was calculated as:

\% H~2~O~2~ Scavenged = \[(Ac-At)/Ac\] ×100

Where Ac is the absorbance of the control, and At is the absorbance of the extract or standard. The antioxidant activity was expressed as IC~50~.\[[@ref22]\]

Statistical analysis {#sec2-10}
--------------------

Results were expressed as mean ± SEM. Significant differences between groups were determined by analysis of variance test followed by Dunnett's test.

Results {#sec1-3}
=======

Qualitative phytochemical screening {#sec2-11}
-----------------------------------

The preliminary phytochemical screening of BEPIF showed the presence of tannins, glycosides, alkaloids, flavonoids and phenolic compounds.

Quantitative phytochemical estimation {#sec2-12}
-------------------------------------

Total phenolic content of BEPIF was found to be 26.85 mg Gallic acid equivalent/100 g of dry weight. The total flavonoid content of BEPIF was found to be 83.78 mg Chrysin equivalent/100 g of dry weight. The total alkaloid content of BEPIF was found to be 45 mg atropine equivalent/100 g of dry weight \[[Table 1](#T1){ref-type="table"}\].

###### 

Quantitative phytochemical estimation

![](ASL-36-200-g001)

Assessment of nootropic activity {#sec2-13}
--------------------------------

In the EPM test, BEPIF (150 mg/kg, i.p.) showed significant decrease in TL on day 2 (*P* \< 0.01) and day 9 (*P* \< 0.001) compared to day 1. BEPIF (300 mg/kg, i.p.) showed significant decrease in TL on day 2 and 9 (*P* \< 0.001) with significant increase in IR on day 2 (*P* \< 0.001) and day 9 (*P* \< 0.05) compared to vehicle treated group. Thus, BEPIF (150 and 300 mg/kg) showed significant increase in inflexion ratio indicating facilitatory action on learning and memory \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Effect of n-butanol extract of *Passiflora incarnata* flowers on inflexion ratio in elevated plus maze test; *n* = 6, values are mean ± SEM, \*\**P* \< 0.001 (One way ANOVA followed by Dunnett's test) compared to vehicle treated group; a *P* \< 0.001 (Student *t* test) compared to day 1; b *P* \< 0.01 (Student *t* test) compared to day 1](ASL-36-200-g002){#F1}

![Effect of n-butanol extract of *Passiflora incarnata* flowers on inflexion ratio in elevated plus maze test; *n* = 6, \**P* \< 0.05 compared to vehicle treated group (One way ANOVA followed by Dunnett's test). \*\**P* \< 0.001 compared to vehicle treated group (One way ANOVA followed by Dunnett's test)](ASL-36-200-g003){#F2}

In the object recognition test, the mice spent more time to explore the objects in the first trial (T1 session). In the second trial (T2 session), when a new object replaced a familiar object, BEPIF at a dose of 150 and 300 mg/kg and piracetam at a dose of 100 mg/kg significantly (*P* \< 0.001) reduced the time to explore the familiar object as compared with the time to explore the new object \[[Figure 3](#F3){ref-type="fig"}\]. Moreover, BEPIF (150 and 300 mg/kg) also showed significant increase in discrimination index (*P* \< 0.001) \[[Figure 4](#F4){ref-type="fig"}\]. Thus, the results of elevated plus maze and object recognition test confirmed the nootropic potential of BEPIF.

![Effect of BEPIF on exploration time in ORT test; *n*=6, \**P*\<0.001 compared to vehicle treated group (One way ANOVA followed by Dunnett's test), ^\#^*P*\<0.001 compared to vehicle treated group (Student *t* test)](ASL-36-200-g004){#F3}

![Effect of n-butanol extract of *Passiflora incarnata* flowers on discrimination index in object recognition task test; *n* = 6, \**P* \< 0.001 compared to vehicle treated group (One way ANOVA followed by Dunnett's test)](ASL-36-200-g005){#F4}

Antiparkinsonian activity {#sec2-14}
-------------------------

Antiparkinsonian activity was studied using haloperidol induced catalepsy and tacrine induced jaw movements. In the present study, haloperidol produced maximum catalepsy after 120 minutes in vehicle treated animals. Pretreatment with BEPIF (150 mg/kg and 300 mg/kg, i.p.) showed a significant (*P* \< 0.001) reduction in the duration of haloperidol induced catalepsy \[[Figure 5](#F5){ref-type="fig"}\].

![Effect of n-butanol extract of *Passiflora incarnata* flowers on haloperidol induced catalepsy; *n* = 6, \**P* \< 0.001 compared to vehicle treated group (One way ANOVA followed by Dunnett's test)](ASL-36-200-g006){#F5}

In tacrine induced jaw movement model, maximum number of tremulous jaw movements were observed during 30-40 min interval. Pretreatment with BEPIF (150 and 300 mg/kg) significantly reduced the tacrine induced jaw movements. BEPIF pretreatment also reduced the number of bursts induced by tacrine \[Figures [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}\]. Thus the results of haloperidol induced catalepsy and tacrine induced jaw movements models confirmed the antiparkinsonian activity of BEPIF.

![Effect of n-butanol extract of *Passiflora incarnata* flowers on number of jaw movements; *n* = 6, \**P* \< 0.001 compared to vehicle treated group (One way ANOVA followed by Dunnett's test)](ASL-36-200-g007){#F6}

![Effect of n-butanol extract of *Passiflora incarnata* flowers on number of bursts; *n* = 6, \**P* \< 0.001 compared to vehicle treated group (One way ANOVA followed by Dunnett's test)](ASL-36-200-g008){#F7}

Antioxidant activity {#sec2-15}
--------------------

The IC~50~ value of BEPIF by DPPH free radical scavenging and the H~2~O~2~ scavenging method was found to be 35.37 and 29.51 μg/ml respectively \[Figures [8](#F8){ref-type="fig"} and [9](#F9){ref-type="fig"}\]. The free radical scavenging activity of BEPIF was found to be comparable to ascorbic acid.

![DPPH scavenging activity of n-butanol extract of *Passiflora incarnata* flowers](ASL-36-200-g009){#F8}

![H~2~O~2~ scavenging activity of n-butanol extract of *Passiflora incarnata* flowers](ASL-36-200-g010){#F9}

Discussion {#sec1-4}
==========

The high lipid content of nervous tissue, coupled with its high metabolic activity, makes it particularly susceptible to oxidative damage. Greater concentration of iron may be essential, particularly during brain development, but its presence also leads to oxidative stress via the iron-catalyzed formation of reactive oxygen species. In addition, the brain regions that are rich in catecholamines are very much vulnerable to free radical generation. The catecholamines such as adrenaline, noradrenaline and dopamine can spontaneously break down (auto-oxidize) to free radicals, or can be metabolized to radicals by the endogenous enzymes such as monoamine oxidase.\[[@ref23]\] One such region of the brain is the substantia nigra.\[[@ref24]\] Various studies have shown that antioxidants, both endogenous and dietary, can protect nervous tissue from damage by oxidative stress.\[[@ref5][@ref25]\] The facts till date for oxidative stress in PD, AD and other neurodegenerative diseases is strongly persuasive. Clinical studies show that a number of events associated with Alzheimer's are capable of stimulating production of free radicals and depletion of antioxidant levels. Patients with Parkinson's also have reduced glutathione levels and free radical damage is found in the form of increased lipid peroxidation and oxidation of DNA bases.\[[@ref3]\]

Plant extracts and their constituents as a natural source of antioxidants have been extensively used in phytotherapy since ancient times.\[[@ref6]\] Flavonoids belong to a group of natural substances with variable phenolic structures and are found in fruits, vegetables, grains, flowers, tea, and wine. Flavonoids can prevent injury caused by ROS in various ways. One way is the direct scavenging of free radicals. Flavonoids are oxidized by radicals, resulting in a more stable, less-reactive radical. Selected flavonoids can directly scavenge superoxides, whereas other flavonoids can scavenge the highly reactive oxygen-derived radical peroxy nitrite.\[[@ref26]\]

It is apparent from the present study that the BEPIF possesses antioxidant activity as shown by significant DPPH scavenging and H~2~O~2~ scavenging ability. The naturally occurring phenolic compounds have free radical scavenging properties due to their hydroxyl groups. In the present study, quantitative phytochemical estimation of BEPIF showed presence of high flavonoid content. Thus, the antioxidant potential of BEPIF may be attributed to the presence of phenolic compounds, mainly flavonoids.

Neuroleptic-induced catalepsy is a robust behavioral method for studying antiparkinsonian activity and its modulation by various neurotransmitters. Drugs useful in the treatment of parkinsonism inhibit haloperidol induced catalepsy.\[[@ref19]\] The use of haloperidol has been associated with an increased level of oxidative stress in the brain. This evidence suggests a possible role for antioxidants in the treatment of haloperidol-induced catalepsy.\[[@ref27]\] In this study, BEPIF significantly reduced the duration of haloperidol induced catalepsy. In addition, BEPIF also significantly reduced the number of jaw movements induced by tacrine, a widely used animal model of parkinsonian tremors. Accordingly, it can be concluded that BEPIF has protective effect in Parkinson's disease.

Oxidative stress has long been thought to play a major role in the pathogenesis of AD. Certain plant products and diet rich in antioxidants are said to be neuroprotective and hence may have a role in improving cognition in aging and neurodegenerative diseases.\[[@ref28]\] In the present study, BEPIF showed significant cognitive improvement as shown by the decrease in transfer latency in EPM test and increase in discrimination index in ORT test. Thus, BEPIF has a neuroprotective effect and hence may have a role in improving cognition.

Conclusion {#sec1-5}
==========

The above results conclude that BEPIF possesses neuroprotective effect as evident from its antiparkinsonian and memory enhancing activity. Further, it has been observed that BEPIF possesses significant antioxidant activity which may be due to its high phenolic and flavonoid content. Thus, it may be concluded that butanolic extract of *Passiflora incarnata* flowers has neuroprotective effect in neurodegerarive diseases such as Alzheimer's and Parkinson's disease which is mediated through its antioxidant potential.
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